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ABSTRACT 



The "Pulsed-Ref lector Mode" of operation of a solid 
state optical maser is demonstrated experimentally. This 
laser configuration utilizes a Kerr cell shutter with the 
normal Fabry-Perot laser system, to switch the cavity Q and 
hence the regenerative environment, from a condition of high 
value to one of low value. This mode produces giant output 
oulses, with peak-power increases of at least 100 to 1 over 
the same optical maser output pulsations while operating in 
the normal mode. Optical alignment of the system, operating 
in both the normal and "Pulsed-Ref lec tor Mode", plus a 
method for determining the polarization of the emergent 
optical maser beam are covered in detail. 

The writer wishes to express his thanks to Professors 
Carl E. Menneken and Eugene C, Crittenden Jr., of the 
United States Naval Postgraduate School, for their encourage- 
ment, guidance and helpful criticism in the preparation of 
this paper and to the members of the Laser Resesrch and 
Development Group of the Hughes Aircraft Company, for their 
excellent advice on the performance of the experimental 
work. In particular, the writer is indebted to Dr. Eric J. 
Woodbury for his guidance and assistance throughout the ten 
weeks at Hughes. The obtainment by the author of the 
experimental data presented in this paper, was in many 
respects made possible by his supervision. 
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SECTION I 



INTRODUCTION 

1. Background 

The advent of the optical maser^ has extended the range 
of controlled electromagnetic radiation to the infrared and 
visible light spectrum. 

The first ooerating laser was a solid-state design pro- 
duced by T. H. Maiman. It employed a synthetic ruby crystal 
doped with chromium. The crystal was machined to optical 
tolerance, with both ends of the resulting ruby rod silvered 
to enhance reflection. Bathed in white light from an elec- 
tronic flash lamo, the green content of the incident pumping 
light provided energy to the crystal. The principles in- 
volved in generating the resulting stimulated emission of 
coherent and monochromatic light, at 6943A° , are discussed 
in Section II of this paper. 

Actually laser history begins with the maser. J. Weber 
suggested the possibility of maser action in 1952. (2), (3) 

A maser was constructed by C. H. Townes in 1955. (4) A 

solid state version of the device was proposed in 1956 by 
N. Bloembergen. (5) 



1. The name "MASER" is an acronym for Microwave amplifica- 
tion by Stimulated Emission of Radiation, The use of 
the name "LASER" as a short form for optical maser or 
Light Amplification by Stimulated Emission of Radiation, 
is currently in vogue. Because this device is simply 
a variant of the basic maser principle, the more 
accurate description of optical maser is preferrable. 
However, the term "LASlR", because of its advantage 
of compactness, will be used throughout the major 
portions of th^s paper. 



1 



An extension of the basic maser principle to permit 
operation in the light spectrum was suggested by A. L. 
Schawlow and C. H. Townes in 1958. (1) 

The ruby laser built by T. H. Maiman in 1960 was rec- 
ognized by industry as the first to function. (6), (10) 

Next in the line of progress was a continuously operating 
gas laser announced in 1961 by A. Javan, W. R. Bennet, and 
D. R. Herriott. (7) 

During 1961, amplification with gain on the order of 
two was reported by P. Kisliuk and W. S. Boyle. (9) 

Early in 1961, R. W. Hellwarth reported on the theory 
of obtaining giant pulsations from ruby. (13) Several 
months later, this theory was successfully demonstrated at 
the Hughes Research Laboratory utilizing ruby in a configur- 
ation which has come to be known as the "Pulsed-Ref lec tor 
Mode" of laser operation. 

A compilation of data on currently operating lasers is 
presented in Table 1 below. (32) Doping material is shown 
in parenthesis following the primary laser material. 

TABLE 1 Operating Lasers 



Laser 


Material 


Where Developed 


Output Spectral 
( A° ) 


Lines'^ 


He-Ne 




Bell 


11,180; 11,530; 
11,990; 12,070 


11,600 


Ruby 


(0.05$ Co ion) 


Hughes 


6,943 




Ruby 


(0.5$ Or ion) 


Varian and Bell 


7,009; 6,943; 7 


,041 


CaP 2 


(0.05$ U ion) 


T3M 


25,000 




CaP 2 


(0.1$ Sm) 


IBM 


7,082 





2. Output wavelength varies with temperature. 
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3aF 2 


(U ion) 


MIT 


27,000 


o 

cd 

o 


(Neodymuim ion) 


Bell 


10,600 


2. Laser Applications 
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The following are but a few of the many possible future 
applications where laser systems may play an important role: 

(1) Short range optical ranging and tracking* In this 
application, angular resolution can be increased by 
many orders of magnitude over that possible at radar 
frequencies. In fact, beam spread can be kept to such 
low values that in many cases it may be possible to 
have the target completely intercept the beam. Then 
the l/R^ dependence in the radar range equation is 
replaced by a 1/R^ dependence due to the return oath 
alone . ^ 

(2) Space, earth and undersea communications; medical 
applications such as suturing, cauterization and cell 
surgery appear to be promising. 

Of these two primary areas of laser system applications the 
"Pulsed-Ref lec tor Mode" will find more immediate application 
to the first of the two areas. Utilization of laser systems 
in the second area of consideration may be feasible, but it 
is felt that scientific investigation into the behaviour of 
molecular construction and chemical bonds within homogeneous 
substances, under high intensity radiation, may prove to be 
more fruitful for the immediate future. 

3. For a more detailed and easily read coverage of this 
topic, refer to (32) and (27) 

4. Discussion with Dr. M. L. Stitch, Hughes Aircraft Company. 
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5. 



Scope 



The objective of this paper is to present the results 
of a systematic experimental investigation of the "Pulsed- 
Reflector Mode" operation of a ruby laser. The theory 
associated with the "Pulsed-Ref lec tor Mode" of laser opera- 
tion appears in Section ITI of this paper. 

In order to perfbrm a comprehensive investigation of 
the improvement in laser power output due to the "Pulsed- 
Reflector Mode" operating configuration, it is essential 
that one not only consider the "before" and "after" experi- 
mental results as contrasted to the normal mode of operation, 
but also the individual effects caused by each component 
part of the overall system. 

For this reason attention is focused on the following 
topics : 

(1) Effects of Physical alignment of the interferome- 
ter system upon energy output during laser operation 
in the normal mode. 

(2) A method for determining the direction of polar- 
ization of the laser output beam. 

(3) Individual effect of the Kerr cell and Wollaston 
prism upon laser threshold energy and energy output. 

(4) Optical alignment of the "Pulsed-Ref lector Mode" 
laser system. 

(5) Peak nower and energy output while operating in 
the pulsed-ref lector mode as contrasted to the normal 
mode of laser operation. 

(6) Output pulse shape as comnared to theoretical pulse. 
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